In 2011, the Fourth National Audit Project (NAP4) reported high rates of airway complications in adult intensive care units (ICUs), including death or brain injury, and recommended preparation for airway difficulty, immediately available difficult airway equipment and routine use of waveform capnography monitoring. More than 80% of UK adult intensive care units have subsequently changed practice. Undetected oesophageal intubation has recently been listed as a 'Never Event' in UK practice, with capnography mandated. We investigated whether the NAP4 recommendations have been embedded into paediatric and neonatal intensive care practice by conducting a telephone survey of senior medical or nursing staff in UK paediatric intensive care units (PICUs) and neonatal intensive care units (NICUs). Response rates were 100% for paediatric intensive care units and 90% for neonatal intensive care units. A difficult airway policy existed in 67% of paediatric intensive care units and in 40% of neonatal intensive care units; a pre-intubation checklist was used in 70% of paediatric intensive care units and in 42% of neonatal intensive care units; a difficult intubation trolley was present in 96% of paediatric intensive care units and in 50% of neonatal intensive care units; a videolaryngoscope was available in 55% of paediatric intensive care units and in 29% of neonatal intensive care units; capnography was 'available' in 100% of paediatric intensive care units and in 46% of neonatal intensive care units, and 'always available' in 100% of paediatric intensive care units and in 18% of neonatal intensive care units. Death or serious harm occurring secondary to complications of airway management in the last 5 years was reported in 19% of paediatric intensive care units and in 26% of neonatal intensive care units. We conclude that major gaps in optimal airway management provision exist in UK paediatric intensive care units and especially in UK neonatal intensive care units.
Summary
In 2011, the Fourth National Audit Project (NAP4) reported high rates of airway complications in adult intensive care units (ICUs), including death or brain injury, and recommended preparation for airway difficulty, immediately available difficult airway equipment and routine use of waveform capnography monitoring. More than 80% of UK adult intensive care units have subsequently changed practice. Undetected oesophageal intubation has recently been listed as a 'Never Event' in UK practice, with capnography mandated. We investigated whether the NAP4 recommendations have been embedded into paediatric and neonatal intensive care practice by conducting a telephone survey of senior medical or nursing staff in UK paediatric intensive care units (PICUs) and neonatal intensive care units (NICUs). Response rates were 100% for paediatric intensive care units and 90% for neonatal intensive care units. A difficult airway policy existed in 67% of paediatric intensive care units and in 40% of neonatal intensive care units; a pre-intubation checklist was used in 70% of paediatric intensive care units and in 42% of neonatal intensive care units; a difficult intubation trolley was present in 96% of paediatric intensive care units and in 50% of neonatal intensive care units; a videolaryngoscope was available in 55% of paediatric intensive care units and in 29% of neonatal intensive care units; capnography was 'available' in 100% of paediatric intensive care units and in 46% of neonatal intensive care units, and 'always available' in 100% of paediatric intensive care units and in 18% of neonatal intensive care units. Death or serious harm occurring secondary to complications of airway management in the last 5 years was reported in 19% of paediatric intensive care units and in 26% of neonatal intensive care units. We conclude that major gaps in optimal airway management provision exist in UK paediatric intensive care units and especially in UK neonatal intensive care units. Wider implementation of waveform capnography is necessary to ensure compliance with the new 'Never Event' and has the potential to improve airway management. 
Introduction
The Fourth National Audit Project of the Royal College of Anaesthetists (RCoA) and the Difficult Airway Society (NAP4) documented major complications of airway management in the UK over a 1-year period [1, 2] . The NAP4 report made recommendations designed to improve airway safety, and two years after publication, this had led to changes in practice in 98% of UK hospitals, including 80% of adult intensive care units (ICU) [3] . The NAP4 reported that airway complications were 60 times more frequent in ICUs than in the operating theatre [1] , and that these were more likely to result in death or brain injury (61% of events in the ICU compared with 14% in the operating theatre) [1] . The NAP4 quantified the already accepted high-risk nature of airway management in ICU [4] , and this prompted widespread discussion in the adult ICU literature [5] .
The Fourth National Audit Project identified process and cultural issues of concern regarding airway management in ICUs, including: a lack of planning for difficulty; lack of immediate access to appropriate airway equipment; issues related to training; and a failure to routinely use continuous waveform capnography monitoring. The absence of waveform capnography, or the failure to correctly interpret it, was a contributory factor in 74% of ICU reports of death or brain injury [1] . Furthermore, increasing the use of capnography in ICU was identified as "the single change with the greatest potential to prevent deaths such as those reported to NAP4" [1] . The use of continuous waveform capnography monitoring is now considered a routine standard of care in adult ICUs [6] .
Thirteen of the 184 reports submitted to NAP4 involved children, with two of these 13 cases (both fatal) occurring outside the operating theatre; one in the Emergency Department (ED) and one in ICU [2] . Recent work in paediatric ICUs (PICUs) and neonatal ICUs (NICUs) has highlighted the frequency of airway management complications in these settings. During tracheal intubation in PICU, the National Emergency Airway Registry for Children in North America (NEAR) reported adverse event rates of 20%, with 6% being considered severe [7, 8] . In the NICU, rates of adverse events during tracheal intubation are reported as being between 22% and 46% [9, 10] , with Foglia et al. reporting severe oxygen desaturations (≥ 20% decrease) in 51% of neonatal tracheal intubations [9] . All of the above highlight that, as with adult practice, airway management in paediatric or neonatal intensive care units is high risk and has the potential to lead to significant patient harm. It was not known whether the recommendations made by NAP4, particularly the routine use of capnography, had been adopted into paediatric and neonatal intensive care practice.
In January 2018, undetected oesophageal intubation was listed as a 'Never Event' [11] : this refers to a situation where the oesophagus is intubated unintentionally, the oesophageal intubation is not identified, either because continuous waveform capnography monitoring is not used or because capnography readings are incorrectly interpreted, and the patient's lungs are ventilated erroneously via this route [11] . This 'Never Event' is currently suspended pending discussion, including the patient age or weight down to which it should apply (personal communication W. Harrop-Griffiths, RCoA).
We decided to investigate current airway management practices in UK PICUs and NICUs, and explore the impact, if any, of recommendations made in the NAP4 report. With recent changes in adult practice [12] we also investigated whether PICUs and NICUs had access to videolaryngoscopy.
Methods
All UK PICUs were identified through the Paediatric Intensive Care Network [13] and all UK NICUs through the British Association of Perinatal Medicine Neonatal Networks [14] . Both local neonatal units (level 2) and neonatal intensive care units (level 3) were included in the survey, and are referred to as NICUs, because both routinely provide care for neonates whose lungs are ventilated. Twenty-seven PICUs and 143 NICUs were identified. A telephone survey was conducted between January and October 2016 using a structured questionnaire. The survey was initially piloted in eight units and no further changes to the questionnaire were deemed necessary. The survey was assessed using the National Research Ethics Service decision making tool [15] and did not meet current UK definitions for research requiring ethics committee approval.
The survey was registered with the local audit department before commencement.
All respondents were either senior doctors (registrar level or above) or senior nursing staff (band 6 sister/ charge nurse level or above). Each unit was telephoned up to three times in an attempt to gain a response, but where a unit stated they did not wish to participate they were not contacted again.
The questionnaire (Online Supporting information Appendices S1 and S2) collected data regarding the following issues:
• Planning for difficult airway management, including departmental policies, use of a pre-intubation checklist, difficult tracheal intubation equipment and access to videolaryngoscopy.
• The availability and use of continuous waveform capnography monitoring within and outside the PICU/NICU. Use of capnography during tracheal intubation and for continuous monitoring of patients dependent on an artificial airway.
• Staff training in airway management.
• Tracheostomy management (PICUs only).
• Staff awareness of the NAP4 report and its recommendations.
• Serious morbidity or mortality associated with airway management difficulty or displaced tracheal tube/ tracheostomy in the previous five years. Specific details of the event were not requested.
Data were entered into a Microsoft Excel 2010
(Microsoft Corporation, Redmond, WA, USA) software spreadsheet and frequencies reported.
Results
All 27 (100%) PICUs responded and all respondents answered all questions unless stated otherwise. The majority of PICU respondents reported having a policy for the management of the difficult airway, immediate access to difficult airway equipment and use of a formal pre-intubation checklist (Fig. 1) . Six (22%) PICUs confirmed that they would formally identify patients with a difficult airway at staff handover. Fifteen (55%) units reported that they had access to a videolaryngoscope (Fig. 1) Fewer than half of NICU respondents reported that they had a policy for the management of the difficult airway or of accidental tracheal tube displacement, immediate access to difficult airway equipment or a formal pre-intubation checklist (Fig. 1) . Two-thirds of NICUs reported that they formally identified patients with a difficult airway at staff handover. (Fig. 2) .
Reasons reported for the availability of capnography being < 100% included perceived inaccuracy of capnography in small babies (nine respondents), a belief that capnography was not required (one respondent) and concerns over dead space (one respondent). Four respondents stated that plans to introduce capnography monitoring were under discussion. Continuous waveform capnography monitoring was rarely used outside the NICU for tracheal intubation, with 120 (92%) respondents reporting that it was never used in the delivery suite. 
Discussion
It is well recognised that airway management in adult ICU practice is high risk [1, 4] . Recommendations made in the NAP4 report have been widely implemented in UK adult ICUs, and it is reasonable to conclude that patient safety has improved and complications reduced as a consequence [3] . This survey, the first national survey of the "single change in practice with the potential to bring about the greatest benefit" [1] . Although this was met with considerable resistance from some UK ICUs when the NAP4 report was published, such has been the change in culture that it is now a standard of care [6, 18] .
In PICUs, previous work has shown that the most common adverse event associated with tracheal intubation is oesophageal intubation [7, 8] . Continuous capnography is known to aid rapid detection of oesophageal intubation in adults [6] and it follows that this is also the case in children. In this survey, respondents reported that all PICUs had access to capnography, and that it was used for all intubations within the PICU and for all transfers of PICU patients whose lungs were ventilated.
However, capnography was only used in 81% of tracheal intubations outside the PICU environment, where tracheal intubation is likely to be at least as hazardous as within
In NICUs, oesophageal intubation rates of around 40% are reported [19, 20] and it has been suggested that capnography could improve detection of this. Two small studies in NICU and the delivery suite found that continuous waveform capnography accurately predicted oesophageal intubation and reduced the time taken to detect this [19, 20] Capnography is considered standard practice in operating theatres for all patients (of all ages) with an artificial airway in situ [6] . If it is practically possible, and it would appear that it is, then consideration should also be given as to whether this standard should be maintained in all clinical areas in which patients are dependent upon an artificial airway [18] .
The presence of a continuous waveform capnography trace in a patient who has suffered a cardiac arrest has been a source of confusion among many, and was an issue in a number of cases reported to NAP4 [1] . A con- The survey has highlighted a commitment by staff in both PICUs and NICUs to airway training of both nursing and junior medical staff and this is to be applauded.
Training in capnography is essential if its use is to be effective, and this is an area where we suggest progress is needed. The 'hats and caps' capnography training tool has proved very effective in training adult ICU staff [25, 26] , and it is highly likely that this could be useful for PICU and NICU staff training.
Preparedness for airway difficulty also varied between PICUs and NICUs and was generally less than in adult ICUs [3, 27] . [12] . In adults, different videolaryngoscopes have different performance profiles, with some outperforming others [33] , and it is highly likely that the same is true in paediatrics and neonates. Although adult techniques cannot necessarily be transferred to paediatric practice, this is a fast-moving field [12] and it is likely that there will be an ongoing debate regarding videolaryngoscopy in paediatrics and neonatal practice in the next few years.
A strength of this study is that there was a 100%
return rate for PICUs and 90% for NICUs, with a senior member of medical or nursing staff questioned in all cases. A limitation was that the member of staff questioned was not always the clinical director or matron, and they may not have been fully up to date with that particular unit's equipment and protocols. They may also have not been aware of airway complications occurring in the previous 5 years.
In conclusion, our survey of current UK PICU and NICU practice identified that airway management is contributing to morbidity and mortality in the PICU and NICU population. There is wide variation in practice across the UK, especially within NICUs. It is likely that, just as adult
ICUs have much to learn from paediatric units, there is knowledge and experience from adult ICUs which could be transferable to paediatric and neonatal practice.
Efforts to reduce the variations in practice are likely to improve overall care.
